The performance on production of finite verb morphology of 19 children (ages 5;9-10;7) with mild-moderate sensorineural hearing impairment (SNH) was compared with that of 14 children with specific language impairment (SLI) (ages 7;2-10;9) and age-matched and language-matched control groups. On average, the SNH group outperformed the SLI group and was comparable to controls. However, a subset of the SNH group (n = 6) was impaired on one or both of these tasks. Degree of hearing loss or age of receiving hearing aids was not directly related to performance, but other language measures were. The subset was also significantly younger than the rest of the SNH group, suggesting that acquisition of finite verb morphology may be delayed in children with hearing impairments. Verb regularity had no effect on performance of any group, but word frequency and phonological complexity did exert an influence. The findings are discussed in relation to causative theories of SLI.
I
t is well established that children with SLI have disproportionate difficulty with English verb morphology (see Leonard, 1998 for a review). However, this difficulty does not represent a complete failure or random application of morphemes. In a review of language transcripts of school-age children with SLI, Bishop (1994) and Miller and Leonard (1998) found that use of grammatical morphemes was above chance and that when errors occurred they were errors of omission, not commission. Also, when a verb was inflected, it was always in the appropriate context. Furthermore, when the context demanded an inflectional marking, sometimes a verb would be inflected and at other times the same verb would not. These findings indicate that correct performance cannot be attributed to rote learning of specific inflected forms, leading to the conclusion that children with SLI do have some knowledge of the underlying grammar.
Not all grammatical morphemes present equal difficulty. Problems are particularly evident with morphemes that mark finiteness (tense and agreement) (Rice, Wexler, & Cleave, 1995) . The reasons that these morphemes are so vulnerable have been hotly debated. In this article we compare mastery of finite verb morphology in children with mild to moderate hearing impairment and those with SLI in order to address the contrasting predictions made by different theoretical accounts.
Theoretical Accounts of SLI

Extended Optional Infinitive (EOI)
The EOI account of SLI put forward by Rice and colleagues (Rice, 2000; Rice & Wexler, 1996a , 1996b Rice, Wexler, & Cleave, 1995; Rice, Wexler, & Hershberger, 1998) is based on a model of normal syntactic development in which young children have incomplete knowledge of the grammatical feature finiteness and so treat marking of verb tense and subject-verb agreement as optional (Wexler, 1996) . This results in the omission of those grammatical morphemes that mark finiteness, such as third person singular -s, regular past tense -ed, the copular and auxiliary forms of BE, and the auxiliary DO. This account can explain why normally developing young children omit surface markers of finiteness on occasion but that when they do use tense markers, they use them appropriately and almost never in the wrong context. The theory maintains that by the time most children are 3;6-4;6 (years;months), their grammatical representations of finiteness are fully specified and they mark tense and agreement accurately.
Following on from this model, Rice and Wexler (1996b) proposed that children with SLI continue to treat tense marking as optional long after the age at which the grammar should be fully developed (hence the extended optional infinitive). In this view, children with SLI are not missing key grammatical principles or structures. Instead, they are thought to be following a normal developmental pattern, albeit at a considerably slower rate.
Another key feature of the EOI account is that grammatical knowledge of finiteness is thought to be independent of other types of linguistic knowledge. According to the EOI, the child's ability to mark tense is not a function of lexical knowledge or linguistic input. A recent longitudinal study (Rice et al., 1998) demonstrated that the morphemes responsible for finiteness marking grow together over time and that their use is not predicted by such variables as maternal education, nonverbal abilities, or receptive vocabulary. Rice and Wexler (1996b) demonstrated that normally developing children master finiteness marking around age 4 with accuracy of 90% or better, whereas children with SLI lagged behind controls even at the age of 8. Rice et al. (1998) noted that children with SLI may have deficits in other aspects of syntax or in other linguistic domains, such as semantics and pragmatics, but these are seen as unrelated to EOI and resulting from different causal factors. Thus, the EOI offers a radically different view of morphosyntactic development than accounts offered by other researchers working in a connectionist framework. For instance, Marchman and Bates (1994) proposed interdependence between different levels of language, with morphosyntactic development being dependent on level of vocabulary knowledge or "critical mass."
The Surface Hypothesis Leonard, Sabbadini, Leonard, and Volterra (1987) demonstrated that in Italian, where the corresponding inflections are typically more phonologically salient than in English, children with SLI had less difficulty with verb inflections. This raises the question of whether the morphosyntactic difficulties seen in SLI could be solely due to problems in perceiving and producing certain phonemes. On the basis of further cross-linguistic work, Leonard (1998) proposed a "surface hypothesis" of SLI, which has two main threads. First, it proposes a general processing capacity limitation in children with SLI. Second, the hypothesis maintains that the surface properties of many English morphemes make them particularly difficult to acquire in both normal development and in SLI.
Unlike the EOI, the Surface Hypothesis regards the grammatical impairments seen in SLI as arising from deficits outside the syntactic system. Rather, it is the interaction of a limited processing capacity with the fragile morphological features of English that has such a devastating effect on grammatical acquisition in children with SLI. This can happen in a number of ways (see Leonard, 1998) . Slowed processing may initially delay acquisition of certain grammatical forms, particularly those of low perceptual salience. Even after grammatical inflections have been acquired, production of low-salience morphemes will be vulnerable, owing to the processing demands of the situation. In order to process the grammatical morpheme, the word must be heard, it must be recognized as an inflected form of a known word, the inflection must be separated from the stem, its grammatical function must be realized, and it must be inserted in the appropriate cell of a morphological paradigm. All of this must be completed before the next item in an utterance enters the system. Therefore, perceived material may be lost owing to restrictions in working memory or because previous material is still being processed. Sometimes, an inflected verb will be fully processed, and at other times it will not.
Although they differ in their conceptualization of the underlying cause of SLI, both the EOI and the Surface Hypothesis maintain that children with SLI acquire the rules of grammar in the normal developmental sequence, albeit at a considerably slower rate. The two theories differ in how they account for the unusual difficulty children with SLI have with certain aspects of English morphology. The EOI offers a syntactic interpretation in terms of a maturational lag in complete grammatical knowledge of finiteness, attributed to genetic factors (Rice & Wexler, 1996a) . Syntactic properties, rather than surface features of the morpheme, are seen as the critical determinant of performance. The EOI does not give an explicit account of why a child selects the option of using a tense marker on one occasion but not on another. It does, however, maintain that phonetic salience is not of crucial importance. Therefore if a child was delayed in marking regular inflections compared to age-matched peers, one might expect similar difficulties marking tense on irregular verbs that are marked by a salient internal vowel change.
The surface hypothesis differs in two important respects. First, the deficit in SLI is not seen as selectively influencing one part of the grammar: Children who have problems with finite verb morphology should also have difficulties with nonsyntactic tasks that have high processing demands. Second, the surface hypothesis makes predictions about nonsyntactic factors that will influence whether or not a child uses an inflectional ending. Difficulties with finite verb morphology in SLI should be most evident for items of low perceptual salience, such as third person singular -s and past tense -ed. Irregular verbs, in which the internal vowel change is more perceptually salient, should pose less difficulty. The Surface Hypothesis is not the only account that offers nonsyntactic explanations of children's inconsistent performance with grammatical morphology. Other researchers have suggested that such variables as word frequency or phonological complexity of verbs might affect children's production of correctly inflected forms (e.g., Marchman, Wulfeck, & Ellis Weismer, 1999; Oetting & Horohov, 1997) . These possible influences are not, of course, mutually exclusive.
Effects of Hearing Loss on Language Learning
If the low perceptual salience of finite verb morphemes makes them difficult to process in SLI, we might expect to see a pattern of deficit mimicking SLI in children with known auditory perceptual deficits. In the current study, we considered mastery of finite verb morphology in children with mild-moderate sensorineural hearing impairment (SNH) who are learning spoken English as their first language. To date very little research has been carried out on language development in this population, although there is evidence that vocabulary and literacy skills may be at risk (Blair, Peterson, & Viehweg, 1985; Davis, Elfenbein, Schum, & Bentler, 1986) .
Gilbertson and Kamhi (1995) compared children with mild-moderate hearing impairment to children with no known hearing loss on measures of phonological processing and novel word learning. They found that word learning was highly correlated with vocabulary knowledge but not with phonological processing ability or degree of hearing loss. However, the SNH sample they studied had vocabulary delays of up to 2;6 years, reiterating the findings of Blair et al. (1985) and Davis et al. (1986) that vocabulary might be vulnerable to even mild hearing losses.
An extensive literature search identified only one article that looked at morphological development of children with moderate hearing losses. Brown (1984) compared 10 children with moderate SNH (mean loss 54 dB) with 10 control children matched for MLU. She found that use of morphology in children with SNH was more accurate than in MLU controls, and both groups followed the same developmental sequence. However, the SNH group was on average 5.5 years older than the controls. This suggests a significant delay in morphological development. These findings were not considered within a theoretical context or in relation to language impairments in hearing children. Therefore, an important gap in the literature remains.
Aims of the Current Study
The first question addressed by the current study was how degraded auditory input affects learning of finite verb morphology. We were particularly interested to discover whether children with mild-moderate SNH resembled children with SLI in their ability to mark verb tense. The Surface Hypothesis, which stresses the role of perceptual input on language learning, would seem to predict that even mild hearing impairment might result in morphemes of low perceptual salience being missed and therefore delaying grammatical development. However, there is no reason to suppose that children with SNH have processing limitations (though the two would not be mutually exclusive). Therefore it is possible that some children with SNH may overcome initial delays in grammatical development. With respect to the EOI, a perceptual deficit alone would not be expected to result in a selective deficit in finiteness marking.
Our second question was how the properties of verbs (e.g., regularity, frequency, and phonological complexity) affect performance. Children with an underspecified grammatical representation of finiteness should have difficulty marking both irregular and regular verbs for tense, compared to their peers. On the other hand, the Surface Hypothesis might predict that regular verbs should be more difficult for both SNH and SLI groups because of the low perceptual salience of the inflectional ending. The EOI is not explicit as to how frequency or phonological complexity might affect performance, either in normal development or SLI, but insofar as these can account for patterns of inflection use, this indicates that factors outside the syntactic system are implicated.
A final question concerns how nonsyntactic language abilities, such as vocabulary level or verbal memory, relate to impairments of verb morphology. The EOI has clearly stated that there is no relationship between lexical learning (i.e., receptive vocabulary) and morphosyntactic development (Rice et al. 1998) . Futhermore, the EOI account stresses that deficits in morphosyntax are independent of other linguistic deficits that may be present in SLI (Rice et al., 1998) . Rice and Wexler (1996) acknowledge that certain cognitive prerequisites (such as memory, ability to process incoming speech, and basic conceptual development) are necessary for syntactic development to proceed. However, the minimal levels of ability in these areas have yet to be specified.
Method Participants
Children With SLI
Fourteen children with SLI between the ages of 7.2 and 10.9 were recruited from special classes (language units) and special schools for children with language impairment in southeast England. All children had been diagnosed as having a language impairment by a speechlanguage therapist and were receiving intensive intervention. Any child with SNH was excluded, but children with a history of otitis media were not. As we were interested in looking at a homogeneous group of children with SLI, all children were screened for pragmatic impairments using the Children's Communication Checklist (Bishop, 1998) , and only those with no evidence of pragmatic difficulties (scores of 132 or above) were included. Also, children with poor intelligibility (less than 80% consonants correct on a phonology screen) were excluded.
For inclusion in the study, children had to achieve a standard score of 80 or better on a test of nonverbal reasoning, Raven's Coloured Matrices (Raven, Court, & Raven, 1986 ; mean standard score = 105, SD = 14.15), and scores of more than one SD below the mean on at least two of four key language measures: the British Picture Vocabulary Scales (BPVS; Dunn, Dunn, Whetton, & Pintilie, 1982) , the Test for Reception of Grammar (TROG; Bishop, 1983) , the Recalling Sentences subtest of the Clinical Evaluation of Language Fundamentals (CELF-R UK; Semel, Wiig, & Secord, 1987) , and the Children's Test of Non-Word Repetition (CNRep; Gathercole & Baddeley, 1996) .
Children With Mild-Moderate Sensorineural Hearing Loss (SNH)
Children with mild-moderate SNH were recruited via Local Education Authorities in the southeast of England. All children had received diagnoses by a certified audiologist in a clinical setting. All children with diagnosed SNH in England are referred to special educational services, and over 85% of those with mild-moderate hearing loss are educated in mainstream settings (Eatough, 1994) . We aimed to recruit children who attended mainstream classrooms full time, who were monolingual speakers of English, and whose hearing loss did not result from neurological impairment or a known syndrome. Children being educated in mainstream classes were chosen to avoid confounding factors that might result from exposure to signed language. Nineteen children between the ages of 5.9 and 10.7 met criteria for inclusion in the study. (The criteria included having a standard score on Raven's Coloured Matrices within the normal range.) Language status was not a selection criterion for this group. Seven children had a history of speech and language therapy, though none was currently receiving regular intervention. Four children (one of whom had no history of speech and language therapy) met our criteria for language impairment. Two of these children had mild losses, and two had moderate losses.
Hearing thresholds are given as pure tone averages (PTA) in dB HL in the better ear at 250, 500, 1000, 2000, and 4000 Hz (British Society of Audiology, 1998). Three categories of hearing loss were identified. Mild hearing impairment is defined as having a PTA of 20-40 dB (N = 13; Mean PTA = 34, SD = 3.67). Moderate hearing impairment is defined as having a PTA of 41-70 dB (N = 3; Mean PTA = 55.67, SD = 4.73). Because of the important role of high frequency fricatives in marking verb morphology, we also included three children with PTA less than 20 dB who had hearing thresholds greater than 25 dB at two or more frequencies at or above 2000 Hz (Mean PTA = 15.33, SD = 3.51).
In 53% of cases hearing loss was through no known cause; 37% were due to genetic factors, whereas the remaining 10% resulted from peri-or postnatal causes. The average age at which parents became concerned about their child's hearing was 26.1 months (SD = 19.92), but the average age at which children were fitted for hearing aids was 48.2 months (SD = 19.42). Therefore, during the time most children are mastering finite verb morphology, these children with SNH were receiving degraded auditory input. Eighteen of the children currently wore hearing aids, at least during school hours.
Control Children
Two groups of control children were used. A chronological age group (CA, n = 20) was matched on age and nonverbal ability (Raven's Matrices) to the SLI and SNH groups. A second language-age control group (LA, n = 15) was matched to the SLI group on language age equivalence from the British Picture Vocabulary Scales (BPVS; Dunn, Dunn, Whetton, & Pintilie, 1982) , a measure of receptive vocabulary. Table 1 shows means and standard deviations on the measures that were used to match the groups.
Both control groups were recruited from primary schools in Oxfordshire. None of the children had a history of hearing loss or speech and language impairment. All children achieved a standard score of 80 or above on Raven's matrices and scored within 1 SD of the mean on the core language measures. The control groups were matched to the two clinical groups in terms of the mean age that mothers left full-time education [F(3, 59) = .131, p = .941].
Procedure
The study reported here is part of a larger study looking at the language and literacy skills of children with mild-moderate hearing loss (also see Briscoe, Bishop, & Norbury, 2000) . Each child attended two individual assessment sessions of approximately 45 min each. Each testing session was carried out in a quiet room at the child's school or home. The relevant tests given are described below.
Core Language Measures
1. Receptive vocabulary was measured using the long form of the British Picture Vocabulary Scales, a multiplechoice assessment in which the child is required to choose one of four pictures that matches a spoken word. Bishop, 1983 ) is a multiple-choice test in which the child selects a picture from a choice of four that corresponds to a spoken sentence. The vocabulary is kept simple, but grammatical complexity increases as the test proceeds.
Test for Reception of Grammar (TROG;
3. The Recalling Sentences subtest of the Clinical Evaluation of Language Fundamentals-Revised UK (Semel, Wiig, & Secord, 1987) was used to index expressive language skills. Sentences of increasing length and grammatical complexity are read aloud to the child, who is then required to repeat the sentence. This test has a heavy working memory component.
4. The Children's Non-word Repetition Test (CNRep; Gathercole & Baddeley, 1996) was used as an index of phonological short-term memory. This test consists of 40 nonwords, divided equally into 2-syllable, 3-syllable, 4-syllable, and 5-syllable items. It was administered using an audiotape, and all responses were recorded.
CNRep has norms for children between the ages of 4 and 8. We used normative data obtained by Bishop, North, and Donlan (1996) for cases between the ages of 7 and 12 years (n = 98).
Related Language Measures
1. In a phonological discrimination task (Bridgeman & Snowling, 1988) children were asked to make same/ different judgments about 60 pairs of words and nonwords that differed in terms of a single phonemic feature (guess/get) or a phoneme sequence (guest/gets). The phonemes sampled are limited to /t/ and /s/. It was decided to use this task as these are phonemes implicated in tense marking. (German, 1989) was used to estimate the child's verb vocabulary. The child is shown a picture of an action and is asked to provide one word to describe what the person is doing.
The Verb subsection of the Test of Word Finding
Finite Verb Morphology Tasks
1. The Third Person Singular task, which was audio-and videorecorded, is based on a method formulated by Van der Lely (1998) . The child was seated in a quiet room and told, "I want you to tell me things that your family and friends do every day. You can pick which person you tell me about, but it has to be something different each time you tell me something. I want to know 15 different things. I'll go first to show you what I mean. 'Every day my mother gets out of bed.' or 'Every day Mark watches telly.' Now you try." If children repeated a verb, they were reminded that they had to tell something different each time and were asked for a new verb. Children who had difficulty thinking of verbs were encouraged to talk about typical household routines-for example, "Tell me what your dad does in the morning." Some children had great difficulty generating verbs, but all children produced at least 10 different verbs, and 85% of the total sample produced 15 verbs.
Responses were recorded online and coded as follows: (a) marked correctly with third person singular -s, (b) unmarked stem, and (c) verb tense error. The overall score was the percentage of the total number of different verbs that were marked with third person singular -s. One quarter of video recordings of children in the clinical groups were transcribed and recoded by the second author. Agreement was 96% for transcription and 99% for coding.
Past Tense Elicitation
The materials used to elicit past tense were derived from the task reported by Ullman and Gopnik (1999) . The verbs were drawn from four classes: (a) eight regular verbs that took a regular -ed past tense inflection only (look-looked), (b) eight irregular verbs that could only take irregular past tense forms (give-gave), (c) eight nonwords that were expected to take a regular past tense inflection (brop-bropped), (d) eight nonwords derived from irregular verbs that could plausibly take either an irregular or regular past tense form (frink-frinked/ frunk). Real words were divided into sets of high frequency and low frequency. Table 2 lists the real and novel verbs used in the task, as well as the real verbs' COBUILD word frequency counts for both stem and inflected forms, as reported by Ullman and Gopnik (1999) .
Most of the irregular verbs required internal vowel changes, but two required stem-final changes (bendbent, make-made), and one required a complete change (think-thought). The phonological complexity of all stems (real and nonwords) was high overall, with 71% of verbs containing a consonant cluster. Clusters were evenly distributed between high and low frequency verbs, regular and irregular verbs, and real and nonwords.
Children's responses were recorded online and coded as follows: (a) a regular -ed inflection; (b) an irregular inflection; (c) phonological/lexical error on stem, but marked with -ed; (d) unmarked stem; (e) phonological/lexical error on stem, unmarked; (f) other. Again, 25% of clinical samples were transcribed and recoded, resulting in reliability scores of 88% for transcription and 97% for coding.
Results
Group means on all assessments were compared using Analysis of Variance, with effect size given as η 2 . Post hoc comparisons were conducted using Scheffé tests. In instances in which variances were clearly unequal, post hoc comparisons were made using the GamesHowell test, which assumes unequal variance. The level of statistical significance was set at .05.
Core Language Measures
The standard scores achieved by each group are detailed in Table 3 . There was no significant difference among the groups on Raven's Matrices [F(3, 64) = .54, p = .66]. Given the selection criteria, it is not surprising to find significant group differences on the core language measures for the SLI group as compared to the control groups [BPVS: F(3, 64) = 11.98, p < .001, η 2 = .36; TROG: F(3, 64) = 7.72, p < .001, η 2 = .27; Recalling Sentences: F(3, 64) = 40.97, p < .001, η 2 = .67; CNRep: F(3, 63) = 26.40, p < .001, η 2 = .56]. On two of these tests, Recalling Sentences and CNRep, no child in the SLI group scored within 1 SD of the mean.
Contrary to previous reports, we found that the children in the SNH group as a whole did not exhibit deficits on BPVS, and the group mean was well within normal limits, though significantly below that of the CA controls. On this test, the SNH group scored significantly better than the SLI group, who did more poorly than both control groups. Similarly, on the TROG, the SLI group scored significantly worse than both the CA controls and the SNH group. There were no other group differences on this measure. Performance on Recalling Sentences for both the SNH and SLI groups was significantly below that of CA controls. In addition, the SLI group achieved a lower mean score than the SNH group and the LA control group. Finally, scores for the SNH and the SLI groups were significantly below both control groups on CNRep.
In sum, the SNH group tended to have more difficulty on expressive language measures than age-matched controls. However, with the exception of CNRep, they were within normal limits on standardized measures and outperformed the SLI group on all other measures. In contrast, the SLI group was impaired on all measures, even when compared to younger children.
Related Language Measures
Mean group scores on these measures are also shown in Table 3 . A one-way ANOVA revealed significant group differences on phonological discrimination [F(3, 64) = 6.14, p < .001, η 2 = .224]. Post hoc comparisons indicated a significant difference between both the SLI group and the SNH group versus CA controls. There were no other statistically significant differences. There were significant group differences on the elicited verb vocabulary measure [F(3, 62) = 7.61, p < .001, η 2 = .269], where the SLI group achieved significantly lower mean scores than both the SNH group and the CA group.
Elicitation Tasks
Third Person Singular
Some children had great difficulty generating verbs, but all children produced at least 10 different verbs, and 85% produced all 15 verbs. The score for this measure was calculated as the percentage of accurately marked verbs from the total number of different verbs attempted. Both control groups approached ceiling on this measure. There was tremendous variation in the SLI group, with scores ranging from 0% to 100%. On ANOVA, a significant group difference was detected [F(3, 64) = 12.64, p < .001, η 2 = .37]. Post hoc comparisons using the GamesHowell technique revealed significant differences between the SLI group and both control groups (SLI vs. CA: p = .003, SLI vs. LA: p = .003). The difference between the SNH group and CA controls just failed to reach significance (p = .058).
Performance on this task was not all or nothing in that 87% of language impaired and 58% of hearing impaired children achieved scores between 7% and 93% correct. No child in the control groups scored below 66%, whereas half the SLI group did this poorly. In the SNH group, 3 out of 19 children scored below 66% correct; all 3 met criteria for language impairment.
Past Tense -ed
Two children in the SLI group were unable to repeat any of the practice items, even in the uninflected form. They were excluded from the analysis. All other children attempted all items, except for one child who made no response to seven items. Scores were converted to percentage of correctly marked past tense forms from the total number of verbs attempted. Table 4 summarizes group performances on the past tense elicitation task.
A one-way ANOVA was conducted to compare group means on the total percent correct, a combination of items coded 1 (regular past tense endings) and 2 (irregular past tense endings). Results indicated a significant difference between the groups [F(3, 62) = 14.09, p < .001, η 2 = .405]. Planned comparisons confirmed that the SLI group performed more poorly than all other groups. There were no significant differences between the SNH and control groups. All groups made phonological errors on verb stems, but both SNH and SLI groups made significantly more phonological errors than CA controls [F(3, 62) = 9.26, p < .001, η 2 = .309; Scheffé: SNH vs. CA, p = .007; SLI vs. CA, p < .001]. Because responses containing phonological errors were not included in the total correct score, it was possible that the children's ability to mark tense was underestimated. In order to focus more specifically on grammatical knowledge, the analysis was repeated using a Total Past score, in which children were not penalized for phonological errors and were credited for overgeneralizations on irregular verbs. In this category, any marking of past tense was considered correct so that score categories a, b, and c were combined, to give a percentage of items marked for tense in some way. This score more accurately reflects underlying knowledge of finiteness and was used for all subsequent analyses. The results were similar, with a significant difference between the groups [F(3, 62) = 11.33, p < .001, η 2 = .35]. Again, the SLI group did significantly worse than all other groups. There were four outliers in the SNH group, including the two youngest children (5.9 and 6.5 years old); the other two met criteria for language impairment.
The Total Past measure combined both real and nonwords. The inclusion of nonwords allows for exploration of generalization of tense marking. The means and standard deviations of the percentage of real and nonword verbs marked by each group are presented in Although the SNH group resembled the control groups overall, some children in the SNH group had difficulty with this task. Previous work has suggested that by the age of 4, typically developing children produce past tense forms with 95% accuracy (Rice et al., 1995) . Taking a cut-off of 80% correct on a composite measure of tense marking, Rice and colleagues have been able to identify 97% of impaired children and 98% of unimpaired children.
Perhaps because of the memory demands of the past tense task used in this study (cf. Thomas et al., in press ), a cut-off of 80% identified large numbers of younger control children as impaired. As past tense marking was significantly correlated with age in the control groups (N = 35, r = .442, p = .008), we used the regression of Total Past on age to compute a z score that represented how far a child's score fell below the expected score for age. Any child with a score more than 1.5 SD below the expected score was designated impaired on this measure. This measure correctly identified 75% of children with SLI and 94% of control children (CA and LA groups combined). Within the SNH group, 21% of children scored below -1.5 SD on the total past marked measure. These were the same four outliers mentioned above.
As can be seen from Table 4 , this pattern of performance is also evident in the percentage of unmarked verbs (those coded 4 or 5). There was a significant group difference [F(3, 62) = 11.11, p < .001, η 2 = .35], with the SLI group producing more unmarked forms than all other groups. Two outliers in the SNH group were identified as the youngest children. The Total Past score was significantly correlated with third person singular usage, suggesting that both tasks are tapping a similar construct (N = 70, r = .666, p < .01).
Properties of the Verbs in Past Tense Elicitation
We used repeated-measures ANOVA to look at the effects of verb frequency (high and low) and regularity (regular and irregular) on ability to mark past tense on real verbs (see Figure 1) . A significant main effect was found for frequency [F(1, 62) = 34.63, p < .001, η 2 = .358]. A significant but weak main effect was also found for regularity [F(1, 62) = 14.68, p < .001, η 2 = .191]. There was a significant interaction between regularity and frequency [F(1, 62) = 8.39, p = .005, η 2 = .119], but interactions with group were nonsignificant. Thus the properties of verbs affected performance on this task overall, but these effects were similar for all groups.
In the course of administering the past tense elicitation task, we became aware that many language-impaired children were struggling to repeat the verb stems, especially when these involved nonwords. We therefore conducted a further analysis to check whether phonological complexity of the stem affected performance. A repeated-measures ANOVA was carried out with phonological complexity of the stem (4 levels: clusters at beginning, clusters at end, clusters at beginning and end, and no clusters) as the within-subjects factor and group as the between-subjects factor. The dependent variable was the Total Past score (percentage of items marked for past tense). Means and standard deviations for each of the four levels of complexity are reported in Table 6 . A significant main effect of complexity was detected [F(3, 183) = 8.38, p < .001, η 2 = .121], but the group × complexity interaction was not significant.
Relationship of Other Variables to Tense Marking in the SNH Group
Although the group data showed little evidence overall of language deficits in the SNH group, there is substantial variability within this group, leading to the question of whether there are any systematic differences between those who did and did not have difficulties with inflectional morphology. To address this issue, we subdivided the SNH group into two subgroups based on whether or not they were impaired on tense marking (either scoring -1.5 SD on Total Past z score or below 66% on third person singular). The impaired group included 6 children, and the unimpaired group included 13. A series of t tests was conducted to see if the two groups differed significantly on other key measures. The results are summarized in Table 7 .
The two groups did not differ significantly on measures of nonverbal ability (Raven's Coloured Matrices), hearing thresholds, or age at which they received hearing aids. However, the two groups did differ significantly on age, with the impaired group being significantly younger than the unimpaired group (t = 3.99, p = .001). There were also significant differences between the groups on all language measures, including receptive vocabulary and grammar, recalling sentences, expressive verb vocabulary, and phonological discrimination. There were no differences between the two groups on CNRep, perhaps because most of the children with SNH were poor on this measure (15 out of 19 scored more than 2 SD below the mean).
As Total Past and third person singular were highly correlated, a composite finiteness score was computed by taking an average of the two scores. As can be seen in Table 7 , correlations between the finiteness score and these language measures were all significant in the SNH group as a whole, with the exception of CNRep (Age: r = .74, BPVS: r = .638, Discrimination: r = .825, Recalling Sentences: r = .750, verbs: r = .714-all significant at p < .01, TROG: r = .529, p = .02, df = 33).
An additional question is whether or not finiteness is selectively impaired in a subset of children with SNH or whether it is just a function of generally delayed language development. The mean "receptive language age" of this subset of children (based on average of age equivalent scores on BPVS and TROG) was 73.7 months (SD = 14.93), which is some 18 months older than the age at which tense marking is usually established (Rice et al., 1998) . However, control data from Thomas et al. (in press) show that the processing demands of the past tense task lead to a later age of mastery, with 6-yearolds still making some bare-stem errors. Thus the difficulties with tense seen in a subset of our sample do seem compatible with their overall language level.
In the combined control groups (N = 35), age, expressive verb vocabulary, and expressive language abilities were all significantly correlated with the child's composite finiteness score (age: r = .526, verbs: r = .644, Recalling Sentences: r = .507-all significant at p < .01, df = 33). In contrast, none of the language measures was correlated with past tense performance in the SLI group. Nonword repetition was not correlated with finiteness in any of the individual groups, but was significantly correlated with finiteness when all of the groups were combined (r = .372, p = .002, n = 66). This is illustrated in Figure 2 .
Discussion
Effects of Hearing Loss Vs. SLI on Development of Finite Verb Morphology
Like Rice and colleagues (Rice et al. 1995; Rice et al. 1998) , we found that children with SLI produce unmarked stems in contexts where the inflection is obligatory more often than age-matched or language-matched controls. We confirmed the observation of Rice (2000) that impaired marking of finite verb morphology has good sensitivity and specificity as a potential diagnostic marker of SLI.
Our starting premise was that if difficulty detecting morphemes of weak perceptual salience caused the distinctive morphosyntactic problems of children with SLI, we might see similar deficits in children with SNH. Overall, this prediction was not confirmed. The mean of the SNH group was not significantly different from that of their peers on measures of tense marking-suggesting that, on the whole, their knowledge of finite verb morphology was age appropriate.
Can we therefore assume that degraded auditory input does not affect learning of morphosyntax? This would be too strong a conclusion, given that 22% of the SNH group met criteria for language impairment, and all of these children had difficulties with finite verb morphology. This is a higher rate of language impairment than one would expect in the normal hearing population, with prevalence estimates at 7% (Tomblin et al., 1997) . Furthermore, the proportion of children in the SNH group with language difficulties in our sample is low compared to previous studies. Gilbertson and Kamhi (1995) found that 50% of their children with mild-moderate hearing impairment had language impairments. The difference could simply reflect sampling error, though the method of selecting children with SNH may also be important. We recruited our hearing impaired sample from mainstream schools. We may have found higher rates of language impairment had we included children with mild-moderate SNH who were educated in specialist units. However, these constitute a minority of such children in the U.K. As in the results reported here, Gilbertson and Kamhi did not find a correlation between severity of hearing loss and severity of language difficulty. They concluded that hearing impairment alone cannot cause language impairment and that the children with language difficulties could be characterized as "language-impaired children with a hearing loss" (p. 640). They hypothesized that hearing impaired children without language deficits may have above-average cognitive abilities that support language development. However, we found no significant differences between the high-and low-level language subsets of the SNH group on nonverbal ability.
The youngest children with SNH appeared to have more difficulty with tense marking than the older children in the group, suggesting that disrupted auditory input during the time of normal language acquisition may delay development of a number of linguistic skills, including tense marking. An important question for future research would be to determine whether tense marking improves as the children with SNH grow older and their receptive language age increases, or, as seen in children with SLI, whether tense marking continues to lag behind other language skills. Only longitudinal data can answer this question.
The mixed picture seen for children with SNH does not offer unequivocal support for either of the theories outlined in the introduction, but it does suggest that problems in perceiving morphemes of weak phonetic substance is not a sufficient explanation for the morphological difficulties seen in SLI. We cannot rule out the possibility that children with SLI might have a central auditory processing disorder, which has a much more disruptive effect on speech perception than a peripheral hearing loss. However, if this were so, we would expect to have seen more striking differences between SLI and SNH groups on our test of phonological discrimination. The fact that the SLI and SNH groups were both impaired on phonological discrimination but distinct in terms of morphosyntax suggests that an additional factor differentiates the language functioning of the two groups.
Effects of Nonsyntactic Properties of Verbs on Tense Marking
Another indication that perceptual salience is not the principal determinant of performance on tense marking is the finding that irregular past tense forms (which are considered to be of higher perceptual salience) were just as difficult as regular forms for children with SLI. This finding can readily be accommodated in the EOI account, which maintains that it is the syntactic property of finiteness that is important, rather than surface features.
Nevertheless, we found evidence that other, nonsyntactic, factors influenced performance in all groups. We replicated the findings of Oetting and Horohov (1997) and Marchman, Wulfeck, and Ellis Weismer (1999) that performance on tests of finite verb morphology is dependent on verb frequency and phonological aspects. These previous studies found that children with SLI are most likely to inflect verbs that end in vowels or liquids and tend to omit inflectional endings on low-frequency items and items ending in alveolar stop consonants. Too few verbs used in the present study contained alveolar stop consonants for a meaningful comparison, but we did find that all children were sensitive to the phonological complexity of the verb stem. This is particularly striking as none of the children in our sample had overt phonological impairments. Oetting and Horohov (1997) found that both typically developing children and those with SLI were influenced by phonological and frequency factors. They admit these findings are not easily explicable in terms of the dual-mechanism model from which they were working and suggest the possibility that "observed frequency effects are tied to processing limitations at the level of lexical access" (p. 77). Marchman et al. (1999) also suggested that the influence of surface features on inflectional morphology is not predicted by grammatical approaches, but is more in line with some processing accounts.
Insofar as the EOI maintains that children with SLI are following a normal but unusually protracted developmental course, one could argue that these findings are compatible with the theory because the effects of frequency and phonological complexity were similar across all groups. However, the demonstration of such nonsyntactic influences on performance of both normally developing children and those with SLI raises questions about the need to postulate an "optionality" parameter. It is evident that children's performance is not determined solely by a syntactic principle applied in a probabilistic fashion, but is related to surface features of verbs.
Relationship of Nonsyntactic Language Abilities to Tense Marking
Our study confirmed that children with SLI have wide-ranging difficulties on a range of language measures outside the domain of syntax. Proponents of the EOI accept that such difficulties exist, but argue that the grammatical knowledge of finiteness is independent of other types of linguistic knowledge, particularly lexical knowledge, and that the problems with morphosyntax are disproportionate. In line with this, children in the SLI group were matched to the LA control group on vocabulary level, yet did significantly worse on tense marking. Nevertheless, it would be incautious to conclude that morphosyntax is independent of verb vocabulary. There was a nonsignificant trend for those with SLI to obtain lower scores even than vocabulary-matched controls on a measure of expressive verbs (see Table 3 ). Also, although there was no relationship between verb vocabulary and tense marking within the SLI group, tense marking was significantly correlated with both receptive vocabulary and expressive vocabulary for verbs within the SNH group. One could interpret the findings in terms of a "critical mass" account by adopting the position of Conti-Ramsden and Jones (1997) , who suggested that children with SLI may need an even larger number of verbs in the lexicon than typically developing children to reach the critical mass. This study did not set out to test this theory specifically, but the results suggest that further research on this topic, using longitudinal data, is warranted.
As well as having limited vocabulary, it is well established that children with SLI do poorly on tests that place heavy demands on verbal short-term memory-particularly nonword repetition and recalling sentences (see Bishop, 1997) . The EOI and surface hypotheses differ in the role they ascribe to such deficits in causing SLI symptomatology, with the former regarding them as noncausal and the latter treating them as indicators of processing limitations that lead to morphosyntactic deficits. In the current study, all those children in the SLI group who did poorly with finite verb morphology were also impaired on both nonword repetition and recalling sentences. In contrast, children in the SNH group were impaired relative to control children on nonword repetition, but were within normal limits on recalling sentences. Unlike those with SLI, children with SNH seem able to use semantic skills to fill in gaps in their perception.
It is easy to see how processing limitations could affect the finite verb morphology tasks used here. In the third person singular task, the child is required to think of different verbs (something that many children found remarkably difficult) and to include them in a sentence. In order to successfully complete the past tense elicitation task, the child had to attend to the examiner, perceive and remember a sentence (which may contain an unfamiliar word), repeat a sentence that may contain a nonsense word, and compute the past tense for the word or nonword. Thomas et al. (in press ) found substantially lower rates of past tense marking by control children in this task than in a simpler task where the child was merely required to complete a word whose initial sound was provided (e.g., "The bull sometimes kicks. Yesterday it k…"). This raises the question whether the link between processing difficulties and past tense morphology is an artificial one caused by the specific task demands. This seems unlikely to be the whole story. In studies using spontaneous speech samples, some have reported levels of omission similar to those of elicitation tasks (Rice et al. 1998 ) whereas others report considerably higher levels of accuracy in spontaneous speech (Oetting & Horohov, 1997) , but, overall, children with SLI have difficulties with morphosyntax that extend beyond elicitation tasks. A question for future research is whether the strong link between processing deficits and morphosyntactic impairments is also found in studies based on spontaneous language samples or whether one can find cases of children with major deficits in finite verb morphology who perform normally on measures of verbal short-term memory.
To summarize the complex findings of this study, we may conclude that they raise questions for both the EOI and the Surface Hypothesis. Although mild-tomoderate hearing impairment appears to act as a risk factor for delayed language development, it has a much less marked effect on morphosyntax than on phonological discrimination. This finding, together with the fact that both regular and irregular verb morphology are deficient in SLI, questions the importance of perceptual salience in mastery of morphosyntax. These results fit better with the EOI than with the Surface Hypothesis, but other findings cannot be explained within a purely syntactic framework. Children's omissions of verb inflections are dependent on nonsyntactic features of the verb, raising questions about how far we need to invoke the notion of an optionality parameter to account for inconsistent patterns of performance. Furthermore, omission of verb inflections is closely related to sentence recall, which has a high loading on verbal short-term memory, suggesting that processing capacity limitations may play an important causal role in morphosyntactic deficits.
